The effects of fermentation products and media supplements on a colorimetric assay for formate were evaluated. Formate was detected at concentrations as low as 0.5 mM in fermentation media.
determination (5) . This method was time-consuming and difficult to perform. However, later advances in chromatography and enzymology permitted the development of more sophisticated methods of determination at lower formate concentrations.
Gas-liquid chromatography is routinely used for the identification and quantification of volatile fatty acids (including formate) in culture fluid (2) . Extraction of the acids into an organic solvent (usually ether) is required, and the volatile fatty acids are detected by thermal conductivity after separation on an appropriate column. A flame ionization detector cannot be used for the detection of formate unless formate is first derivatized (8) .
Two enzymatic methods for the determination of formate have been reported (3, 6 A nonenzymatic specific reaction forming a red color with an absorption maximum at 510 to 520 nm (4) was used for the identification of formate. This reaction takes place when formate and citric acid are mixed in the presence of acetic anhydride, an acetamide-isopropanol solution, and a small quantity of alkali (4). We examined this method for the quantification of formate and report here the feasibility of using this reaction for quantitatively detecting formate in fermentation media. * Corresponding author.
An 0.5-ml standard formate solution or a culture sample was added to a disposable culture tube (18 by 150 mm; VWR Scientific Inc., Norwalk, Calif.). The standard formate solution was prepared by dissolving sodium formate in water purified by reverse osmosis. The culture sample was first centrifuged at 11,600 x g for 15 min in a Microfuge 11 (Beckman Instruments, Inc., Palo Alto, Calif.) to remove bacterial cells. Then 1 ml of a solution containing 0.5 g of citric acid and 10 g of acetamide dissolved in 100 ml of reagent grade 2-propanol (Scientific Products, Irvine, Calif.), 0.05 ml of 30% (wt/vol) sodium acetate, and 3.5 ml of acetic anhydride (Sigma Chemical Co., St. Louis, Mo.) were added and the tubes were stoppered with no. 1 butyl rubber stoppers. The tubes (optical length, 18 mm) were briefly mixed on a Vortex mixer and incubated at room temperature. The absorbance at 510 nm was then determined by using a Bausch & Lomb Spectronic 710 spectrophotometer (Bausch & Lomb, Inc., Rochester, N.Y.). A control tube without added formate was used to set the spectrophotometer at zero.
Maximum absorbance was attained between 1.5 and 2 h (Fig. 1A) . A plot of maximum absorbance against formate concentration was linear up to 15 mM (r2 = 0.997, P < 0.01) (Fig. IB) . If the absorbances of the empty tubes are accounted for and the appropriate corrections are made, an accurate determination of formate at an 0.5 mM concentration is possible. The solution containing citric acid, acetamide, and (3, 6) . The minimum concentration of formate detected by gas chromatography, after butylation, ranged ol was prepared freshly each time. Storage of this between 1 and 2 mM (8). The present colorimetric method it 4°C led to decreased sensitivity of the assay. Prior was at least as sensitive as the gas chromatographic method. ion of the standard solution with mineral acids However, it had the advantage of not requiring extensive the color formation.
sample pretreatment, involved enzyme preparation, or the iol, formaldehyde, ethyl formate, ethanol, acetaluse of expensive gas chromatographs. We have successfully acetone, glycerol, oxalate, malonate, succinate, used the colorimetric method to determine the amount of glucose. and fructose reportedly did not interfere formate produced by a previously unreported, formater formation (4) . The effect of possible fermentation producing, anaerobic cellulolytic isolate during cellulose on the maximum absorbance, using a 2 mM stanfermentation (manuscript in preparation). dard formate solution, was examined (Table 1 ). This formate concentration was chosen as the standard because it is an intermediate concentration when formate occurs as a fermentation product. Propionate, butyrate, isobutyrate, succinate, and ethanol had no effect on color development. High concentrations of lactate did significantly decrease the maximum absorbance (Table 1) . At higher concentrations of formate this effect was not significant (data not shown).
Yeast extract (Difco Laboratories, Detroit, Mich.), Tryp- ticase (BBL Microbiology Systems. Cockeysville, Md.), rumen fluid, and various digester supernatant fluids, at concentrations routinely used ip our laboratory as medium supplements (ca. 5%), all had some effect on maximum color formation (Table 2) . However, the percent recovery of 2 mM formate was high, ranging from 83 to 96%. Thus, to determine formate accurately in culture media, the formate standards must be prepared in uninoculated media. Plots of 
